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ABSTRACT

The Land/Sea Breeze Experiment (LASBEX) was a program designed to investigate the
structure and evolution of the coastal marine atmospheric boundary layer with standard and state-
of-the-art meteorological systems. Measurements were made in the vicinity of the mouth of the
Salinas Valley in central California during the last two weeks of September, 1987. This report
documents standard meteorological data from surface and sounding systems during the
experiment.




1. INTRODUCTION.

The Land/Sea Breeze Experiment (LASBEX) was a field measurement program in the
Salinas Valley of central California during the period 15-30 September 1987. Primary participants
in the project included the Naval Environmental Prediction Research Facility (NEPRF), NOAA's
Wave Propagation Laboratory (WPL), and the Naval Postgraduate School (NPS). While the
catalyst for LASBEX was the need to validate the performance of WPL's 10.6 micron doppler lidar
in the marine environment, the program was designed to address several scientific questions
regarding the nature of the atmospheric boundary layer in the coastal environment (Intrieri, et al.,
1989). These include (1) the nature of the land/sea breeze circulation, (2) the nature of small-scale
internal circulations associated with the land and sea breezes, (3) the distribution of aerosols with
respect to the sea breeze, and (4) the relation between gravity waves and the structure of the
stable boundary layer.

instrumentation systems employed in conjunction with the lidar measurements included
three sodars (two of which were doppler), one radiosonde system, one rawinsonde system, and a
number of surface meteorology systems. The surface data were collected both from systems
which were deployed as part of LASBEX and from systems of opportunity, including local airport
reports. The purpose of this report is to present the data which were collected from the surface
systems and from the soundings during the two-week field measurement period.




2. THE FIELD MEASUREMENT PROGRAM
2.1 LASBEX Geography

Fig. 1 shows the geography of LASBEX. The field measurement program was centered in
the mouth of the Salinas valley, which runs southeast from Monterey Bay In a direction
approximately 140 deg. from north. Locations which had surface meteorology measurement
systems which were formally deployed as part of LASBEX are indicated on the map as the lidar
site, the three vertices of the sodar triangle, and the R/V Siiver Prince. The other labeled locations
provided routine surface meteorology measurements at intervals ranging from 8s to 1 hr.
Rawinsondes were launched from the R/V Silver Prince, which was on station during daylight
hours. Radiosondes were also launched from the northern vertex of the sodar triangle (which was
also designated the primary sodar site) on an irregular schedule which was coordinated with lidar
observations.

2.2 Surface and Sounding Measurement Systems

The Naval Postgraduate School operated three surface measurement systems
manufactured by the Coastal Climate Company, Ltd., which logged the wind vector, temperature,
relative humidity, and pressure at 20 s intervals. The sensors used in the Coastal Climate
Weatherpak systems include an R. M. Young Model 05103 wind monitor, a Rotronics MP-100
probe for temperature and relative humidity (shielded in a Gill multiplate free-flow radiation screen),
and a Setra Model 270 barometer. These stations were located at the northern vertex of the sodar
triangle, the lidar site, and aboard the R/V Silver Prince. Wind data from the Silver Prince have
been adjusted for ship heading changes.

NEPRF contracted for the operation of three surface stations by the Berkeley Solar Group,
one at each vertex of the sodar triangle. Sensors for these stations included Atmospheric
Instrument Research Co. AIR-DB-1A pressure sensors, Met-One Model 024A propeller vanes for
the wind vector, and Campbell Scientific Model 207 sensors for temperature and relative humidity.
Table 1 lists the location, period of operation, sampling interval, and variables measured for each
of these systems. Table 2 lists the same information for the stations of opportunity whose data are
included in this report.

Sounding data were collected from the R/V Silver Prince for 10 days (28 soundings.
including winds) during LASBEX and from the northern vertex of the sodar triangle (27 soundings)
irregulady during the entire 15 day LASBEX measurement period. Aboard the R/V Silver Prince,
NPS used the W-8000RP + rawinsonde system manufactured by VIZ, Inc. This rawinsonde system
comprises a standard rod thermistor, carbon hygristor, and aneroid cell/baroswitch for
temperature, relative humidity, and pressure measurements respectively. The system sampled the
sensors at an interval of 15 s. The 100-gram balloons were inflated to give approximatelya3 m s’
rise rate, yielding a vertical resolution of 50 m. These sondes also received Loran-C time
differences to produce profiles of the horizontal wind components. Rawinsondes were launched
roughly every 2 hr from the Silver Prince, and observations extended to altitudes of 7-8 km.

The radiosonde system operated at the sodar site was an Airsonde system which used
essentially the same sensor systems as the VIZ system. This system sampled at a more rapid rate
of once per 5 s, however, yielding a vertical resolution of 10-15 m.
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Figure 1. Locations of sounding launches and surface meteorology stations during LASBEX.
Surface stations include stations of opportunity which were collecting routine data during the field
measurement period. One station, Paso Robles Airport, is not shown because of its location
approximately 150 km southeast of Moss Landing in the Salinas Valley. The general terrain
elevation contour interval is 100 m, and the dashed contour indicates an elevation of 30 m.




Table 1. LASBEX surface meteorology systems. Meteorological variables are pressure (P),
temperature (T), relative humidity (RH), and vector horizontal wind (V).

Periods of Sampling Variables

Location Qperation Interval  Elevation Measured
Lidar (NPS) 2200 9/17-1600 9/21 20 s 12 m P.T.RH,V

1000 9/22—-1000 9/30
North vertex 11009/17-18009/19 20 s 27 m P.T.RH,V
sodar triangle 1000 9/22-0300 9/24
(NPS) 1600 9/24—-1600 9/26

2200 9/26-0400 9/27

1500 9/28--1400 9/30
North vertex 1500 9/11--1600 9/28 20 s 27 m P.T.RH,V
sodar triangle 1700 9/28--1100 9/30
(NEPRF)
East vertex 1500 9/11--1000 9/30 20 s 15 m P.T.RHV
sodar triangle
(NEPRF)
West vertex 1500 9/11--1000 /30 20 s 8 m P.T,RHV
sodar triangle
(NEPRF)
R/V Silver 0900--1400 9/16 20 s 5 m P.T.RHV
Prince (NPS) 1000--1600 9/18

0800--1600 9/22

1300--2000 9/23

1100--1600 9/24

0800--1600 9/25

1500--2000 9/28
1300--2000 9/26




Table 2.

Surface meteorology measurements of opportunity during LASBEX. Meteorological

variables are pressure adjusted to sea level (PS), temperature (T), relative humidity (RH), vector
horizontal wind (V), and shortwave irradiance (R).

Location

Moss Landing
Marine
Laboratories

Marina Beach
(Scripps institution
of Oceanography)

Monterey Bay
Aquarium

Monterey Peninsula
Airport

Fritzsche Army Airfield
(Ft. Ord)

Salinas Airpon

Paso Robles
Airport

Periods of
Operation

Continuous except
0000 9/26 —1100 9/28

Almost continuous

Continuous beginning
1000 9/18

Intermittent

Intermittent

intermittent

Intermittent

Sampling
Interval

5 min

5 min

20
14

27

11
55

67

41

23

249

Elevation

m

m (PS)

Variables
Measured

PS,T.VR

PS,T.V.R

PS,T.RH,V

PS,T,RH,V

PS,T.RH.V

PS,T.RHV




3. TIME SERIES, LIDAR SITE

The following pages contain graphs of the time series obtained from the Coastal Ciimate
Weatherpak system operated by the Naval Postgraduate School at the lidar site near Moss
Landing (Fig. 1).
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4. TIME SERIES, PRIMARY SODAR SITE-NPS

The following pages contain graphs of the time series obtained from the Coastal Climate
Weatherpak system which NPS operated at the north vertex of the sodar triangle (Fig. 1).
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Primary SODAR Site (NPS) — 30 Sept 1987
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5. TIME SERIES, PRIMARY SODAR SITE-NEPRF

This section presents graphs of data collected by the Berkeley Solar Group under contract
to NEPRF at the northern vertex of the sodar triangle (Fig. 1).
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6. TIME SERIES, EASTERN VERTEX OF THE SODAR TRIANGLE-NEPRF

This section presents graphs of data collected by the Berkeley Solar Group under contract
to NEPRF at the eastern vertex of the sodar triangle (Fig. 1).




SODAR Triangle, Eastern Vertex (NEPRF) — 11 Sept 1987
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SODAR Triangle, Eastern Vertex (NEPRF) — 12 Sept 1987
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SODAR Triangle, Eastern Vertex (NEPRF) — 13 Sept 1987
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SODAR Triangle, Eastern Vertex (NEPRF) — 14 Sept 1987
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SODAR Triangle, Eastern Vertex (NEPRF) — 15 Sept 1987
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SODAR Triangle, Eastern Vertex (NEPRF) — 16 Sept 1987
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SODAR Triangle, Eastern Vertex (NEPRF) — 17 Sept 1987
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SODAR Triangle, Eastern Vertex (NEPRF) — 21 Sept 1987
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SODAR Triangle, Eastern Vertex (NEPRF) — 22 Sept 1987

12

ABLARS IR B IR R AR B 0 4 TTYITTT I T T e TT T TFTIrTTIY (ARG R R A GRS ERGARRARRE RS RARRARRRREE
C T T T T T T g
10 Wind Speed J
o 3
— :_' ‘:' »
| 8 ¢ ; 3
(7] i —
e ]
- 3
- -
£ 4 F 3
e 2 C 2 -
1 idli1ll l!llllllllllllllllllllllillljillllllllllll 1 IS EENWh I IRaNSESE YRR ENTESEEI

o

Trrrrrir IWT|YIIIITIITTT!lYIVIIIII)Y‘IIIYIlllll‘l]l]1111IIYYTTTT7|lIlY1|lIllll||l1|IIIIIY]]

Wind ‘Direcfi'o'n‘

(2]
[e)]
o

20 Reiative Humidifyj

~ = ‘
s E ; :
o 270 ¢ )
= =
T 180 E r A .
Z g0 AR Sy AN 0%
) J , . : 2 [ WY
0 = TN RSN ISR TS ISUUS TR TET] TUNETHLERRET COUVERN ST SRS EVRUE TS FH SW SRR 1
25 t IR ALRE |llIVVI]]‘rITYT71T"1|(Il‘]l"]']TI]I7T'|"l‘1‘il‘1171|'7]|]l'¥.|]1]“’J
- Dry—~Bulb Temperature
—~ 20 =~
Q -
o 15 r—
QO
U -
v
5 Z ) el L i : L st
1OO ‘; v \[-Y" "TVV TI1T 1117 II!YT:]T]\'v]|‘II‘-‘VY-I \RERRERREAE T1 (717 |YV71Y'(TXYI‘-71TT’
80 - 3
L 4
T r ]
< I -
~— _ |
40 - —
- 4
—
:

f )
TS YU U S R TS SN SN U NSO N T lllllAlJlllllllA‘ll11111111Alllllllll'lllllllll

1020

C AR ARARARAARARE AR AR R A SO A AR R R AR AR SRR AR AR R AR RARR AR ARARRARRARE

- Barometric Pressure
1018 —
—~ -
0 -
£ 1016 —
s .
1014 =

‘1012 . . " el 1"1111“1'1 il Aleunxu.lAnln Lot bk okl

(@]
[e)]

09 12 15 18 21 00 03 06
Time (PST) ;




SODAR Triangle, Eastern Vertex (NEPRF) — 23 Sept 1987
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SODAR Triangle, Eastern Vertex (NEPRF) — 24 Sept 1987
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SODAR Triangle, Eastern Vertex (NEPRF) — 25 Sept 1987
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SODAR Triangle, Eastern Vertex (NEPRF) — 26 Sept 1987
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SODAR Triangle, Eastern Vertex (NEPRF) — 28 Sept 1987
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SODAR Triangle, Eastern Vertex (NEPRF) — 30 Sept 1987
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7. TIME SERIES, WESTERN VERTEX OF THE SODAR TRIANGLE--NEPRF

This section presents graphs of data collected by the Berkeley Solar Group under contract
to NEPRF at the western vertex of the sodar triangle (Fig. 1).
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SODAR Triangle, Western Vertex (NEPRF) — 11 Sept 1987
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SODAR Triangle, Western Vertex (NEPRF) — 12 Sept 1987
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SODAR Triangle, Western Vertex (NEPRF) — 14 Sept 1987

O N b OO 0 ON

A O 0 O
[ [d] (] (@8] n

N
>

1012

TY T T T T YT T IIXY.I!IYIIIT\‘[TTYT“]! vlIYT!]TT']]YYTTTYﬁ7T_"]lTTTI'TI“

Wind Speed

I TT'TTTTTT T TT‘TTTTFT‘FV

{

;liILllxlll'llllllALLLllll1lIinIllA‘lllllllllllllulillllllluj

: T TTYTTTTrorT .T?T"IYTYTTTIl|Ill!VIY[IIIIIIITYIIIIIYITT‘TTT_T_‘lllVY!II!I
Er Wind Direciioné
£ L
= :’% =
= hi" i o 3
= ’ M A L
: b F P, DY
= L ad N b
™ 3
S . . L "111*11_1_!J_1‘_1_1_‘11“‘ LocoapitH

- | TT N T T ‘.‘VT nwl-‘]T_l'l RBERRRER T_T_'_‘_J
: Dry—Bulb Temperature -
. n/"w\—/\A—‘/—/_\ B
. ~ ~
- =
. / \\\ 1
i — B
. m
- B
- .
: [ z
J
- T ! ‘-]
F—— !
- T e =
\_”N/____w/ =
= Relative Humidity =
a
It : i Alln! 1l | I Lli) il l!l' Al L s )bl 5—1

‘TI I T TT Ty T TT‘TY'I»VV]V]V‘[| Tr T r T‘<"YTV'I i

Barometric Pressure

YTT"I'V1'VF

T
1

:.‘._AAAAAA.A . U ! i d id . " Lol 'lllx 1 iadd l_ll_leAllJ‘A '!lltl‘lln 5
O€ 02 12 15 18 21 o]0] 03
Time (PST)

O tugadaaa Yol

81




SODAR Triangle, Western Vertex (NEPRF)

12
__ 10
~ 8

7z 6
£ 4
N’
2
0
~ 360
[72]
S 270
| -
o 180
o
<~ 90
0
25
—~ 20
(@)
)] 15
[4)]
2

()
O
o O

TTTT TYT7I‘]IIIvI'ITVlllll]lllllllllﬂlll|lIIYVTm"VYII'l]TTIII'Il1]1‘]117‘1‘YT1_|—I_T|Y‘ITT'[T1L
E Wind Speed

llllllllllllllllll

Fat 1111'1‘IAI“lIJ_Alllllll'l}j)lLllllJllJ_LLilJJXlllLlJLlllllIlllll‘llllllllJlJllllll Lei gl

IITV!III‘I]I.\VY[T!IlllllIl|I!TTTTTYTI|1'1TIII|II1TIIIllllIIIlIIII(|IIIIITTIIII1I1’II|1III1IXT
Wind Dlrechoné
E

IANRAARASRRRRREL!
Gls .
. 7 "

|8 S

g L. ! ¥
IRV LR ¥ o £
Ml‘w"t‘.}' 1‘M . ’«\ﬁ
Il

N I Ll DN ‘1‘A;[l]l'lllAIll!'ll)lll1LlJl'lllllllJll'lllllLl"V‘A SN ISR U ENE|

IV.T le‘T,KlY,ITT TYT 1T TTT (T rrTY IITY'IIII].I.-( T RSN EREERRRERT

Dry—Bulb Temperature

g

YIITPTVTTITTTI]YY7T
“ :
N
\
/
sl

h_\"\ T R -.!:TII.ITI.TF_ﬁIT4'I||A :'T‘I‘VVi
E

—

—

-

[

— Relative Humnddy
c

s ey

3
E
.
.

il Loy L 'lul'i AllL'JlJIlllllllllLllAlJ"

v‘— M L Hi' If T T[. HR R "'lY TrT Y.Tﬁv_V‘VYVIIIY‘-1|YT TTT lln TV ‘V\ITI'VVY'Y‘_'—'
£ Barometric Presswej
‘L_ .
n

r ]
r -
C 2
v -
L ]
—_— —
[

EA_X_X . 14 i'A i .4‘1 l_j_L)_AilAl‘l Add A llj\ il d i ll])‘AlL_‘_LLJJAA ]AlL'Jj‘l’ A A i i al

O gk

06 09 12 15 18 21 00 03
Time (PST)

82

15 Sept 1987




SODAR Triangle, Western Vertex (NEPRF) — 16 Sept 1987
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SODAR Triangle, Western Vertex (NEPRF) — 17 Sept 1987
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SODAR Triangle, Western Vertex (NEPRF) — 18 Sept 1987
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SODAR Triangle, Western Vertex (NEPRF) — 19 Sept 1987
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SODAR Triangle, Western Vertex (NEPRF) — 20 Sept 1987
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SODAR Triangle, Western Vertex (NEPRF) — 21 Sept 1987
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SODAR Triangle, Western Vertex (NEPRF) — 23 Sept 1987
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SODAR Triangle, Western Vertex (NEPRF) — 24 Sept 1987
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SODAR Triangle, Western Vertex (NEPRF) — 25 Sept 1987
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SODAR Triangle, Western Vertex (NEPRF) — 26 Sept 1987
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SODAR Triangle, Western Vertex (NEPRF) — 28 Sept 1987
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SODAR Triangle, Western Vertex (NEPRF) — 29 Sept 1987
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SODAR Triangle, Western Vertex (NEPRF) — 30 Sept 1987
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8. TIME SERIES, R/V SILVER PRINCE--NPS

This section presents graphs of surface meteorological data collected by the Naval
Postgraduate School aboard the R/V Silver Prince on Monterey Bay (Fig. 1).
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R/V Silver Prince — 18 Sept 1987
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R/V Silver Prince — 22 Sept 1987
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R/V Silver Prince — 23 Sept 1987
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9. TIME SERIES, MOSS LANDING MARINE LABORATORIES
This section presents graphs of data collected routinely by the Moss Landing Marine

Laboratories during LASBEX (Fig. 1). Relative humidities were unavailable, but these data contain
shortwave irradiance measurements at the surface.
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Moss Landing = 30 Sept 1987
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10. TIME SERIES, MARINA BEACH

This section presents graphs of data collected routinely by the Scripps Institution of
Oceanography at Marina Beach (Fig. 1). Only the wind vector is recorded at this site.
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11. TIME SERIES, MONTEREY BAY AQUARIUM
This section presents graphs of data collected routinely by the Monterey Bay Aquarium

(Fig. 1). The sensors used are identical to those employed at the Moss Landing Marine
Laboratories.
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Monterey Bay Aquarium - 27 Sept 1987
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12. TIME SERIES, MONTEREY AIRPORT

This section presents graphs of all data recorded hourly at the Monterey Airport (Fig. 1)

during LASBEX.
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Monterey Peninsula Airport — 18 Sept 1987
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Monterey Peninsula Airport — 19 Sept 1987

1016
€ 1012
~ 1008
1004
1000

12 vt:‘vl,'. MR T V.I.ﬁIlIT7mTT1_7_I—[71|'XIIIIIIIIIKI!TTTTT“TTTIIlllT7llIllTTTYYIII“I1TTTTY‘T
10 Wind Speed 3
~~ -
T8 E
" 6 3
SN’ e
2 -
LLQ_LLJI LLLL'Alllllllljjl]lllllll_l_[llllllJ_lJlllIlllllllllllllll]_l_l_Lllllllllll[lllllllll
0
—~ 360 Wind Direction 3
¢
270 =
° 270 E
o 180 & =
© E 3
~ 380 % -
: E
0 =« SUETEN| ! o s 3
40 . 'i'-’“‘v MM T T ‘!—T_T~ T ‘..Ill “'7|YI‘TT YT7T_YT7*.T|_‘
- Temperature, Dew Point J
o - 3
- -
o 20 & _ 3
Q - .,_.—,“"f_‘—»\ 7
“C = e _ = + :
~ 10 —— - - * =
O =~ . I A {lllll 1l 4_:
100 - — Lﬁ_TAVII‘l’IIleYY-T.n‘ ‘7"‘1'TWYIAY'IT‘Y‘IVI]TTTVIVIYIV
v =t i .
80 -
: e E
- -
— 60 - =
LS z 3
~ 40 = =
20 ¢ -
e Relative Humidity 1
O t- doa ‘L"‘l]lLlll“'l_!LLlJJl ln Alid ‘ll“AA_l_LllJJ‘L_LJ_AAJ“ ]
1024 E‘T T R "VV TV'IlTrTl‘||l|lT I‘I‘711.Il]lle‘l‘TYYTl]ITTmIl"]IT1YlIITm
1020 é- Barometric Pressure
E +

AlJJ_LlJl'AJlllllll;illJAALLLIJJllllllllllllllll}l_l_&_illll

12 15 18 21 00 03 06
Time (PST)

TS TR

\
\ N
/

(@
o
o

150




Monterey Peninsula Airport — 20 Sept 1987
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Monterey Peninsula Airport — 23 Sept 1987
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Monterey Peninsula Airport — 235 Sept 1987
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13. TIME SERIES, FRITZSCHE ARMY AIRFIELD-FT. ORD

This section presents graphs of all data recorded hourly at Fritzsche Army Airfield at Ft.
Ord (Fig. 1) during LASBEX.
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Fritzsche Army Airfield (Ft. Ord) — 20 Sept 1987
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Fritzsche Army Airfield (Ft. Ord) — 24 Sept 1987
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Fritzsche Army Airfield (Ft. Ord) — 28 Sept 1987
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14. TIME SERIES, SALINAS MUNICIPAL AIRPORT

This section presents graphs of all data recorded hourly at the Salinas Municipal Airport
(Fig. 1) during LASBEX.
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Salinas Airport — 15 Sept 1987
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Salinas Airport — 18 Sept 1987
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15. TIME SERIES, PASO ROBLES AIRPORT

This section presents graphs of all data recorded hourly at the Paso Robles Airport during
LASBEX. Paso Robles is approximately 150 km up the Salinas Valley from Monterey Bay and is
therefore not shown in Fig. 1.
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16. RADIOSONDE PROFILES, PRIMARY SODAR SITE

This section presents the 27 profiles of temperature and dewpoint collected by
radiosondes launched from the northern vertex of the sodar triangle. The left panel for each page
contains the a profile in its entirety. The right expands the lowest 1500 m.
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17. RAWINSONDE PROFILES (COMPLETE), SILVER PRINCE

This section presents the 29 thermodynamic and dynamic profiles collected by
rawinsondes launched from the R/V Silver Prince. The profiles are presented in their entirety. The
left panel for each page contains the a temperature and dewpoint profiles, and the right panel
contains wind speed and direction. Note that no dewpoint data were available from the 1613 PST
launch of 24 September, and no wind data were obtained from the 1258 PST launch of 25

September.
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18. RAWINSONDE PROFILES (LOWEST 1500 M), SILVER PRINCE

This section presents the 28 thermodynamic and dynamic profiles collected by
rawinsondes launched from the R/V Silver Prince. Only the lowest 1500 m of the profiles are
presented in order to show structural detail associated with the boundary layer. The left panel for
each page contains the a temperature and dewpoint profiles, and the right panel contains wind
speed and direction.
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